As the characteristics of mountain scenic spot possess complicated topography, great elevation differences, high water diversion costs, limited reservoir storage capacity, uneven distribution of rainfall, coupled with hysteresis nature of the manual diversion, scarcity of water resources has become a major factor restricting the development of scenic spots. Therefore, it is an effective way to solve the water shortage problem through optimizing the existing water supply scheduling scheme. Water supply optimization scheduling in mountain scenic spot is a typical non-linear, in-differentiable, constraint problem. This paper aims at the problem of water supply optimization scheduling in mountain scenic spot and introduces a method to solve the hybrid particle swarm algorithm of nonlinear constrained optimization. The algorithm combines the advantages of penalty method and particle swarm optimization algorithms, employs particle swarm algorithm to solve complex objective function, and utilizes penalty method to introduce evaluation mechanism of penalty factor to deal with the constraint problem. In the end, this will be applied in water supply optimization scheduling of Huangshan Scenic Area. Experimental results demonstrate that the algorithm shows good performance in solving the water supply scheduling problem of mountain scenic spot.
Introduction
Mountain scenic area is very different from urban water supply in the rainfall, water resources scheduling and storage mode. Cities generally have relatively ample supply of water and achieve the purpose of optimizing the layout through rational optimization of the water supply network. However, it lacks large-scale mountain-resort natural water sources, so the rational allocation of the existing water resources is the key to solve the water shortage problem.
Take Huangshan Scenic Area as an example, the resort possesses complex climate, limited water resources. Its total capacity is 431,800 cubic meters with available and effective storage capacity of 391,800 cubic meters, which mainly comes from rainfall. Huangshan belongs to the mountain terrain that is complex and owns a large gap. Due to the subtropical monsoon climate and specific geographical conditions, this area has uneven rainfall distribution.
Annual late spring and early summer, the resort owns rich rainfall. While after the rainy season, it appears late summer, autumn and winter drought year after year and water is much scarce during the dry season. Water is very precious there. At the same time, water resources in the mountain resort scheduling will consume enormous power. Therefore, it is important to realize the rational management of water resources.
Typical optimization algorithms such as particle swarm optimization, genetic algorithm show better performance in the unconstrained nonlinear problems, but easy to fall into local optima when dealing with constraints. In this paper, combine particle swarm algorithm with penalty number,
Model Introduction
PSO (Particle Swarm Optimization, PSO) algorithm is an optimization algorithm proposed by James Kennedy and Russell Eberhart in 1995. In the PSO algorithm, optimized solution for each issue is a bird in the searching space, to be abstract as particles with no quality and volume, and extending it to the N-dimensional space.
Position of the particle in the N-dimensional space is represented by a vector, each particle speed is also represented as a vector. All particles have a fitness value determined by optimization function, each particle has a speed determining the direction and distance they fly. Particle know the best position they find so far, it can be seen as a particle flying experience, speed and position of a particle updated in accordance with the following formula:
Among them, w is the inertia factor, 1 c and 2 c are positive learning factor, 1 r and 2 r are random number uniformly distributed between 0-1. A particle through its own experience and the experience of the best companions determines the next movement, until it finds a global or local optimal solution. Through the principle of particle swarm algorithm we can find that PSO unlike genetic algorithm that is crossover and mutation reducing the complexity of the algorithm, it can show good performance in the nonlinear non-binding question, but there are some limitations on the constraints problem solving.
Constrained optimization problems can generally be described as follows:
Among them, ) , ( . Constrained optimization problem is ensuring x satisfies the above equation, the premise of inequality constraints within the definition of the objective function of variables to find optim al solutions.
If x is contrary to at least one constraint, it becomes infeasible; if x satisfies all the constraints, claimed it as a viable solution, the set of all feasible solutions become feasible region. Ultimate goal of Constrained Optimization is to find the best solution in to be the minimized.
PSO Algorithm based on Penalty Number
Penalty number can handle general constrained optimization problem, and its basic idea is to change constrained optimization problem into unconstrained problem to solve. Penalty function when constructed makes infeasible point value equal to an infinite value, Penalty value at feasible point values are the same with the original target values.
Based on the thinking of the penalty number, this paper will combine the standard PSO algorithm and penalty numbers inside and outside typical point method for solving nonlinear constrained optimization in mountain scenic spot of scheduling multiple-reservoirs. The objective function is introduced to penalty number. The construction augmented objective function is: 
Here k refers to the number of iterations.
According to the above processing method, the use of PSO algorithm and penalty function combination based on PSO algorithm framework construct the evaluation function through punish method. The constrained optimization problem has been changed into unconstrained optimization.
Evaluation function is constructed as follows:
In this formula,
is the objective function of the constrained optimization,
is the penalty function factor, t is the iteration number of particle swarm optimization.
is a penalty item, constructed as follows:
In the above two formulas, n is the number of constraints; and  are dependent on constrained optimization problems, its value rules:
Based on PSO algorithm framework, introduce into penalty function, the flowchart of the algorithm is as Fig. 1 As shown in Table 1 to Table 3 above, with the proposed methods of outpoint and PSO algorithm combination there are tests for the three test functions, the test results as compared with the use of genetic algorithms, data and results are more stable, and there is no crossover and mutation process in genetic algorithm, easier to achieve. Therefore, integration of PSO algorithm and penalty function improved integration has some value in solving constrained optimization problems, this paper will apply it in Huangshan scenic spot water supply scheduling optimization.
Multi-reservoir Scheduling Optimization Model
Based on the above experimental results, apply the combination of punish function and particle swarm algorithm to deal with the constraints of Huangshan Mountain water supply scheduling optimization problem, take minimum water shortage rate as the optimization target, this model objective function and constraints are as follows:
The objective function:
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Non-negative constraints of water shortage rate：
Available water supply constraints:
Constraints of water scheduling volume:
In this formula, f refers to the water shortage rate; W refers to the reservoir number; T refers to the time span; it Q means water demand volume of the reservoir i at time t; it G refers water supply volume of the reservoir i at time t; it D refers to the water scheduling volume of reservoir i at time t. Where in, it Q is calculated by weighted moving average method, the formula can be expressed as:
In this formula, w represents the weight of the sliding, T represents water consumption observation data, n represents the sliding periods. Using the formula (21), combined with the time span of the obtained water data, daily water consumption can be predictable , weekly or monthly water consumption can be specific to the actual needs.
In this paper, based on 2012 scheduling data, it predicts the Huangshan Scenic hot spring water factory weekly water consumption further optimizes the water, scheduling , data used in the table 4: So this three months optimization will not be much difference compared with manual scheduling.
In short, PSO algorithm and penalty processing algorithm combining in Huangshan Mountain water supply optimization scheduling problem have better results.
Summary and Expectation
This paper has introduced the PSO algorithm based on reservoir optimization dispatching in
Huangshan Scenic, proposed a method of PSO and penalty factor evaluation mechanism to solve nonlinear constrained optimization problems, and use this method of testing to test Huangshan actual water supply scheduling system and the results show that this method is simple, which can solve more reservoir optimal scheduling problems similar to characteristics of Huangshan Scenic spot.
However, this method still exist PSO algorithm easily falling into local optimal solution.
According to the scenic mountain-specific environmental and scheduling accuracy requirements, consider using the improved PSO algorithms, such as PSO algorithm based on genetic algorithm, chaos PSO algorithm equal to combining penalty number to solve nonlinear constrained optimization problems. In short, this paper has proposed the method that performs well in Huangshan, if extended to all mountain scenic spot, the algorithm improvement is needed according to the specific application circumstances.
